Abstract. It has been confirmed that B and T lymphocyte attenuator (BTLA; also known as CD272) is a novel co-inhibitory molecule that exhibits a critical role in restraining cell-mediated antitumor immunity. The present study aimed to investigate the expression and prognostic significance of BTLA in gastric adenocarcinoma. Immunohistochemical (IHC) staining was performed to investigate BTLA expression in gastric cancer tissues and normal mucosal tissues. In total, 123 pathologically confirmed specimens were obtained from stage IIIa gastric cancers. A correlation test, Kaplan-Meier curves, and a Cox proportional hazards regression model were used to analyze the data. No BTLA staining in the normal tissues was found, while BTLA-stained gastric carcinoma cells were detected in 75.6% (93/123) of the gastric cancer specimens. High expression levels of BTLA were detected in 31.7% (39/123) of the specimens, while low expression levels were detected in 68.3% (84/123) of the specimens. High BTLA expression levels were associated with shorter survival time, as confirmed by univariate and multivariate analyses. These findings provide a basis for the concept that high BTLA expression levels in gastric cancer, identified by IHC, are an independent biomarker for the poor prognosis of patients with gastric cancer.
Introduction
Gastric cancer was the fourth most common type of malignant tumor worldwide in 2011, with an estimated one million new cases every year (1) . More new cases of gastric cancer are diagnosed in China each year than in any other country according to the 2009 Cancer Statistics (2) . Although current practice includes incorporating chemotherapy or radiation into surgical resection treatment protocols, gastric cancer survival rates remain poor (3) . Several clinicopathological features are reported to be prognostic indicators of gastric cancer. The most important indicator is the stage of the disease. However, in the clinic the prognosis often varies, even among patients with the disease at the same stage (4, 5) . Therefore, additional prognostic indicators that further characterize the malignant nature of tumors and provide more useful information are urgently required, with the aim of predicting clinical outcomes, individualizing treatments, and identifying molecular targets for those treatments.
The activation of lymphocytes is controlled by two classes of signals: i) Signals triggered by the T cell receptor upon interaction with antigenic peptides bound to major histocompatibility complex molecules; and ii) signals delivered by the binding of co-receptors to their ligands on antigen-presenting cells (6) . The co-receptors include costimulatory and co-inhibitory receptors (7) (8) (9) (10) (11) (12) . Preclinical and clinical data indicate that the co-inhibitory receptors cytotoxic T lymphocyte-associated protein 4 (CTLA-4) and programmed cell death 1 (PD-1) are responsible for the suppression of human effector T cell responses to infectious diseases and cancer (10, 11) , and the therapeutic blockade of these two pathways is currently in clinical development (13, 14) . Anti CTLA-4 antibody (ipilimumab) was approved by the Food and Drug Administration in March 2011 for treating patients with melanoma that has spread or cannot be removed by surgery (15 , ZHI-WEI ZHOU 1,2 , YING-BO CHEN 1,2 and XIAO-SHI ZHANG PD-1 (nivolumab) or PD-L1 (a PD-1 ligand) induced increased clinical response durability of tumor regression and prolonged stabilization of the disease compared with most chemotherapies and kinase inhibitors in patients with advanced cancers, including non-small-cell lung cancer, melanoma and renal cell cancer (16, 17) . B and T lymphocyte attenuator (BTLA; also known as CD272) is a novel co-inhibitory molecule that is structurally and functionally related to CTLA-4 and PD-1 (18) . The ligand of BTLA, herpesvirus entry mediator (HVEM; also known as TNFRSF14), is a member of the other family of co-signaling molecules, the TNF/TNFR superfamily (19, 20) . BTLA may be a novel target for enhancing antitumor immunity. A study by Derré et al (21) revealed that BTLA is expressed on virus-specific human CD8 + T cells but is progressively downregulated after the cells differentiate from a naive to an effector phenotype. By contrast, tumor-specific human CD8 + T cells continue to express BTLA even after their differentiation into an effector phenotype. Notably, the vaccination of melanoma patients with CpG led to BTLA downregulation on tumor-specific human CD8 + T cells, concomitant with restoration of the functionality of the cells. Derré et al (21) underscored the therapeutic potential of exploiting the BTLA pathway to treat patients with cancer. Another study revealed that BTLA gene polymorphisms may affect sporadic breast cancer risk and prognosis in Chinese females (22) . However, to the best of our knowledge, no previous studies exist concerning the expression status of BTLA in primary gastric cancer, and the prognostic value of BTLA in gastric cancer has not yet been assessed. Thus, the current study detected the expression of BLTA in the primary gastric cancer tissues. The clinical significance of BLTA in the clinical-histological parameters and overall survival of patients with primary gastric cancer was further assessed.
Materials and methods
Tissue specimens. Formalin-fixed, paraffin-embedded tissues from 123 patients with gastric cancer were used in the present study. Tumor and adjacent normal tissues from the same individual were collected from these patients. Gastric cancer biopsy specimens were collected from patients with stage IIIa (2010 International Union Against Cancer staging system) gastric cancer between 2000 and 2006 at the Sun Yat-sen University Cancer Center (Guangzhou, China) (23) . Following removal, the specimen was cut along the opposite side of the tumor. The tumor tissue and the adjacent non-tumor tissue, which were located >2 cm apart, were obtained at full thickness. The blocks of specimens were fixed in 10% formalin for one day and were then trimmed for paraffin blocks. Subsequent to dehydration, hyalinization, paraffin treatment and embedding, 10-16 sheets of serial cross-sections were taken from each block of specimen using a rotary microtome. The thickness of each section was 4-5 nm. The middle sections were stained with hematoxylin and eosin. The rest of the sections were preserved for further examination.
Patients who met the following eligibility criteria were included: i) A diagnosis of gastric adenocarcinoma, identified by histopathological examination; ii) a surgical history that included gastrectomy plus lymphadenectomy (limited or extended); iii) available complete follow-up data; iv) no pre-operative treatment, such as chemotherapy or radiotherapy; v) no history of familial malignancy or other synchronous malignancy (including gastrointestinal stromal tumors, esophageal cancer and colorectal cancer); vi) no recurrent gastric cancer or remnant gastric cancer; and vii) no mortality in the post-operative period due to surgical complications. Tumor resection and D2 lymphadenectomy were performed by experienced surgeons and the surgical procedures, which followed the Japanese Gastric Cancer Association guidelines (24), were similar in all patients who underwent radical resections. Patients received fluorouracil (5-FU)-based adjuvant chemotherapy postoperatively for 6 months. If recurrence or metastasis occurred, 5-FU-based chemotherapy was administered according to the National Comprehensive Cancer Network guidelines (25) . This study was conducted in accordance with the Declaration of Helsinki in 2008, and all patients signed a consent form subsequent to being informed that their privacy would be protected. The consent form and the study were approved by the Research Ethics Committee of the Sun Yat-sen University Cancer Center.
IHC and scoring systems. Paraffin-embedded tissues were sectioned continuously at a thickness of 4 µm and heated for 1 h at 65˚C. Briefly, the sections were deparaffinized using xylenes and rehydrated with a graded alcohol series and distilled water. The sections were immersed in an ethylenediamine-NNN'N'-tetraacetic acid antigen retrieval buffer (pH 8.0), subjected to high pressure (80 kPa) for 4 min for antigen retrieval, and allowed to cool to room temperature. Following blockage with sheep serum, the sections were incubated overnight at 4˚C with rabbit polyclonal antibody against human BTLA (Abcam, Hong Kong, China), which was diluted to 1:200. Following incubation with secondary antibodies (GBI labs, Mukilteo, WA, USA), the sections were developed using diaminobenzidine tetrahydrochloride and counterstained with hematoxylin. An electron microscope (Leica DM4000 B, Leica, Mannheim, Germany) was used for observation and capturing images. The specimens were analyzed by three independent observers who were blinded to the clinical outcomes of the patients. Discrepancies between the observers were found for <10% of the examined slides, and a consensus on each was reached following further review. Total BTLA immunostaining was scored as previously reported (26) : The sum of the percent positivity (the percentage of positively stained tumor cells) and the staining intensity. The percent positivity was scored as '0' (<5%, negative), '1' (5-25%, sporadic), '2' (25-50%, focal), or '3' (>50%, diffuse). The staining intensity was scored as '0' (no staining), '1' (weakly stained, visible at high magnification), '2' (moderately stained, visible at low magnification), or '3' (strongly stained, clearly positive at low magnification). The total BTLA immunostaining score was calculated from the percent positivity score multiplied by the staining intensity score, which resulted in a value of 0-9. A high BTLA expression level was defined as a total score ≥4, and low BTLA expression level as a total score <4.
Follow-up.
Postoperative follow-up occurred at the Outpatient Department of Sun Yat-sen University Cancer Center, and included clinical and laboratory examinations every 3 months for the first 2 years, every 6 months during years 3-5, and annually for an additional 5 years or until patient mortality, depending on the survival time of the patient.
Statistical analysis. All statistical analyses were performed using SPSS statistical software package, version 16.0 (SPSS, Inc., Chicago, IL, USA). The correlations between the expression of BTLA and patient characteristics were analyzed using a correlation test. Kaplan-Meier curves were used to estimate the distribution of variables in relation to survival, which were compared using the log-rank test. Univariate and multivariate analyses were based on the Cox proportional hazards regression model. Overall survival (OS) was defined as time prior to mortality due to any cause, and disease-free survival (DFS) was defined as the time prior to relapse of the primary tumor. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression patterns of BTLA in gastric tissues. IHC analysis demonstrated that BTLA was highly expressed in a number of cancerous cells of the gastric cancer tissues, whereas there was no BTLA staining observed in the normal tissues. BTLA-stained gastric carcinoma cells were detected in 75.6% (93/123) of the gastric cancer specimens. High expression levels of BTLA were detected in 31.7% (39/123) of the specimens, while low expression levels were detected in 68.3% (84/123) of the specimens, which include the 30 samples in which no BTLA staining was detected (Fig. 1) .
Correlation between BTLA expression and clinical characteristics of patients.
Since BTLA was highly expressed in cancer tissues from a subgroup of the gastric cancer patients, it was determined whether BTLA expression correlates with certain Table I , the expression of BTLA was significantly correlated with the vital status (P<0.001) and relapse occurrence (P=0.002) of the patients. In addition, in the high-expression group, BTLA expression was significantly correlated with the tumor location (P=0.027).
Association between BTLA expression and survival of patients with gastric cancer. The median follow-up time was 49 months, with a range of 4 to 123 months. The cumulative 1-year, 3-year, and 5-year survival rates were 89.4, 65.0 and 53.8%, respectively, for all patients with stage IIIa gastric cancer. The association of BTLA expression with patient prognosis was evaluated. Patients with low expression levels of BTLA had longer OS (P<0.001) and DFS (P<0.001) than those of the patients with high expression levels (Fig. 2) . Univariate analysis demonstrated that tumor location, lymphatic/venous invasion and BTLA expression were significant prognostic factors for OS. It was also demonstrated that tumor location and BTLA expression were significant prognostic factors for DFS (Table II) .
Multivariate Cox proportional hazards analysis. Since variables observed to have prognostic influence by univariate Table I . Association between BTLA expression and clinicopathological features of patients with gastric cancer. analysis may be covariate, the expression of BTLA and other clinicopathological features that were significantly correlated in the univariate analysis (tumor location and lymphatic/venous invasion) were examined by multivariate analysis. The patients with high BTLA expression levels had significantly reduced OS (HR: 5.410; 95% CI: 3.125-9.367; P<0.001) and DFS (HR: 3.888; 95% CI: 2.341-6.459; P<0.001) compared with the OS and DFS of the low-expression group (Table III) .
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Discussion
BTLA is a novel co-inhibitory molecule that is structurally and functionally related to CTLA-4 and PD-1. Gavrieli et al (27) Table III . Multivariate analysis of factors associated with OS and DFS. 
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reported BTLA expression on T cells, B cells, dendritic cells and myeloid cells. Derré et al (21) reported that naive human CD8 + T cells express high levels of BTLA on their cell surface. Thus far, several co-inhibitory molecules have been analyzed in human solid tumor-derived cells, including CTLA-4 and TIM-3 (28-31), but no results are available regarding the expression of BTLA on this type of tumor cell. To the best of our knowledge, the current study is the first to confirm that BTLA can be constitutively detected in primary gastric carcinomas using IHC. In the present study, BTLA-stained gastric carcinoma cells were detected in 75.6% (93/123) of gastric cancer specimens. However, BTLA was not expressed in normal tissues. This result preliminarily indicated that the expression of BTLA is closely associated with the progression of gastric cancer.
Furthermore, this retrospective study represents the first investigation of BTLA expression as a possible prognostic factor for DFS and OS in patients with radically resected stage IIIa gastric cancer to the best of our knowledge. Several studies have found that the prognosis often varies, even among patients with the same disease stage. Therefore, additional prognostic indicators that could further characterize the malignant nature of the tumors are urgently required to provide more useful information (4, 5, 32 ). In the current study, all patients had stage IIIa cancer, but patients with high BTLA expression levels had shorter DFS and OS than those of the patients with low expression levels of BTLA. Notably, Cox multivariate analysis demonstrated that the expression of BTLA within cancer tissue was an independent prognostic factor. These data indicated that BTLA acts in the progression of gastric cancer. We hypothesize that the overexpression of BTLA leads to a poorer prognosis due to greater downregulation of T cell activation. Fourcade et al (33) previously demonstrated that upregulation of BTLA and PD-1 is involved in restricting NY-ESO-1-specific CD8 + T cell expansion and function in melanoma. These cells were partially dysfunctional, producing fewer IFN γ than BTLA -T cells. BTLA blockade enhanced the expansion, proliferation, and cytokine production of NY-ESO-1-specific CD8 + T cells. Together, these results suggest that high levels of BTLA expression on TA-specific CD8 + T cells and upregulation of HVEM on tumor cells may be another inhibitory pathway developed by cancer cells to impair the antitumor immune response. Notably, Pasero et al (34) showed that BTLA is also implicated in the homeostatic regulation of Vγ9Vδ2 T cells. A blockade of the BTLA-HVEM interaction allowed improved spontaneous or T cell receptor-induced proliferation of allogeneic and autologous γδ T cells in co-culture with HVEM + lymphoma cells. Thus, in addition to immune escape from 'conventional' T lymphocytes, a BTLA-HVEM inhibitory interaction may represent a pathway for tumor cells to evade γδ T cell recognition. The blockade of this pathway may restore the recognition and the efficacy of T lymphocytes and γδ T cells.
Furthermore, it has been reported that BTLA is a valid target for cancer immunotherapy (21) . The co-inhibitory molecule BTLA can inhibit tumor-specific human CD8 + T cells, and vaccination with CpG adjuvants at least partly overcomes this barrier by downregulating BTLA. CpG-mediated downregulation of BTLA correlates with restoration of the in vivo effector function of tumor-specific human CD8 + T cells (21) .
These data underscore the therapeutic potential of exploiting the BTLA pathway to treat patients with cancer. In the present study, expression of BTLA was detected in 75.6% (93/123) of the gastric cancer patients. Thus, blocking the BTLA pathway may be a novel method for treating gastric cancer.
In conclusion, the current study demonstrated the expression of BTLA in tumor cells from patients with gastric cancer using IHC for the first time, to the best of our knowledge. Most notably, the univariate and multivariate analyses revealed the significant role of BTLA as an independent prognostic factor in patients with gastric cancer. The status of BTLA expression may be determined by clinical examination and immunohistochemical analysis.
